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This new switchgear plant is designed specifically for circuit breaker manufacture, 
permitting a changeover from job-shop techniques to in-line production and 
assembly. Circuit breakers and major components are progressively assembled 
on conveyorized multistation assembly lines. In-line testing (shown above) is 
carried on at the same rate as assembly, or in about half the time previously 
required for testing. Materials-handling techniques, similar to those used for 
assembly, move breakers from test station to test station; each station is de- 
signed as a self-contained unit, which need not compete for test facilities from 
other test stations. Extensive use is made of semiautomatic test equipment 
capable of giving visual and printed indication of test values. 


Westinghouse 





130 


136 


145 


146 


150 


155 


159 





Table of Contents 


SYSTEM SIMULATION J. A. Dillard and 
C.J. Baldwin 
his ’ 


CREATIVE ENGINEERING = L. A. Ailgore 
Engineers with proven cr ty thr 


SERVO VALVES W.B.I 
\ key to hydra 


ENGINEERING PERSONALITY 
DANILO SANTINI 


GAS TURBINE FOR HELIUM-COOLED REACTOR 
P. A. Berman 
Phe industrial ga 


REGULATION OF DISTRIBUTION VOLTAGI 
D. X Rep and J. Astleford 


DESIGN AND APPLICATION OF MAGNESTIR 
RERS R. D. Thoma nd D. M. Calabrese 
\ll VS can be more t , . el 


yr melte n 
nets 


WHAT’S NEW 


Ultrasonic Grain Refine t Ther electric-T} 
Crenerator Ther i St rr Sor er | lia 
All-Static Numerical ¢ Syst Pr eC 


trol for Plate Mill 








SYSTEM SIMULATION ... For Aiding Utility Planning 
and Operation. Piecemeal solution of the utility expansion problem is 
really no solution at all. This new statistical approach considers many varia- 


bles simultaneously to help system planners obtain the optimum long-range 
expansion plan. 


BALDWIN, Pr 
































ical mode € S\ } reated. The mode " 
) 
il r ‘ em wW r I ine 
WW | ( } } } t 
@ ¢ i ( ¢ ma ematically ( Ca 
I 
( ( eTna { 
ait te ( er } een 
H ‘ wer tem i 
t i i ince Pprograr Human de 
il t ‘ operat ona eve | ire 
v ky i or ed ‘ 
€ | \\ pera ‘ rie ( ( 
ve) t | 1 Whe le ite 
NCE ( ligita ( re | ( 
nap ( ( ( da V ¢ vp 
su | 1 minute 
i lal i one we 
ky n | mn | i). O it 
I eX oads il ont wu 
ng ¢ \ r \1 bmodel de 
What be? H ribes that cap Is it is force eduled 
nal resery \"\ j rate y mee e load. Comy ind av 
i flat \\ he need 
I Hov es i 
\ ” ” ) 
ef 1} 
* OD 
; O 
* **. 
PRODUCTION CO O0 
5 
ACii) ® 
Yo leis ve ) o e 
. D> ECONO 
ie, af. 1°. 
5 ES FED FO 
+ DITIO 
IRAN HON PLANNING MOD 
| evi. ere r) 
© . DS .o * O 2 * 
ve COs ERFO 
E¢ ° i 




























alternate expansion patterns. Just how this is done is best 
described by considering each submodel in turn. 


load simulation 


Most utilities forecast annual kilowatt-hour sales, and 


from this forecast, estimate annual peak load. Actually, the 


peak that occurs is a highly variable quantity, dependent 
on business conditions and the weather on one particular 
day. When predictions are made far into the future, 10 to 
20 years, the prediction is actually a trend line of annual 
peaks. The actual peaks that d velop will be above and be 
low the trend, as shown in Fig. 2 


Phe mathematical model for load starts with the foreca 


trend line of annual peaks and simulates annual peak dev 
atiolr from the trend as they might occur Deviations are 


Markov chain” and a “Monte Carlo 


process.”’ A study of historical deviations from trend pro 


venerated using a 


vides the statistical basis for the process. Each year’s de 
Viation i composed of a part of the preceding year’ the 
chaining proce plus a random addition (the Monte Carlo 
proce Thi representation keep annual peak in 
cessive vears from making wild variations from trend 


Monthly peak are next obtained by applying appro 


lation is valuable because of its tlexibilitv in account 
iny for changing seasonal factors a influenced by air-cor 


ditioning load, for example, or winter heating load, Dif 


ferent seasonal changes can be forecast, simulated ! 
evaluated a they intluence expansion po iboilitue \ 
inginy oad fa tor or the geograpl ca hittin oad pat 
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normally distributed, as in Fig. 3. On some systems dif- 
ferent months show markedly different load statistics. The 
differences occur both in mean load and in load dispersion 
about the mean. Systems with a lot of summer tempera 
ture-sensitive load have summer load standard deviations 
several times those for winter loads or mild-weather loads 
For example, June loads are shown to have high variability 
in Fig. 3. This variability is an important factor in deter 
mining required reserve margin 
Load models, like the other models, can be tailor-made 
to fit particular utility system conditions. For example, tf 
the utility is a part of a power pool, load models may be 
required for both pool and member companies These mod 


els will produce daily pool loads and daily member-com- 


pany loads, which are correlated. Hot weather affecting 
one part of a pool will probably iffect load in inother part 
to some degree. The same applies to business conditior 

These relationships can be faitht \ mulated by corre 


ating random numbers used in generating daily loads 


capacity simulation 


The need for new generation a erconnectio! ipa 
ty In an expansion pattern based on deterioration in 
reserve margin. Daily reserve margi! in be simulated by 
comparing daily load and daily available generating capa 
city. A second submodel (Fig. 1 mulates this capacity 
\vailable generating capacity made up of all units not 
on forced, s« heduled, or maintenance outage. Some ot! the 


available capacity may not be run for economy reasons, 


but in times of peak load the « ipacity on economy outage 


can be used to meet the peak. If an optimum maintenance 


DOLCV 1S followed, shortage n available « ipacity lictates 
the need for a new unit 

Whether or not an actual pe ik irre 1 depend ne 
spinning capacity. Failure to carry the peak may be caused 
by a shortage in available capacity i ivailabl nits 
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MEGAWATTS 


Fig. 3—Simulated monthly load peaks will differ 
in average load and dispersion from average. 
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ng) or by inadequate spinning reserve. The generat terministic) events as shown in Fig. 4. For example, a 


v pacity mode s designed to detect bot! vst ) forced outage | i probabilistic event, while the decision by 
by simulating available capacity and ny ystem operators to shut down a unit for scheduled main 
ng the peak period of each dav tenance 1 deterministic event. To produce daily avail 
Daily available capacity ts determined by | ble capacity, the model must simulate both event 
ybabilistic) events and calculated huma wrced outages are best simulated by a Monte Carlo 
( Analysis of historical data, such as shown in hig 
des the ba for drawing a probability curve ol 
e between outage hig. Sb) and a second probability 
ve of outage duration (hig. 5c). These curves are input 
he program After each simulated forced outage, 
wile A produce the date of the next forced outave 
birst the mode renerate a random number iv between 
(110) 10.99, and enters the curve of time between outage 
t \ yal y number to determine he 
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ec ip i i ible tor ed ed outage trie 


the capacity model can construct a sequence of in-service and . | 
132 outage periods (‘d). per Hic Ove 
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< \ negative margin means that load exceeds capacity, a 

> ‘ 

* JANUARY 1961 situation that must result in loss of load. If the area of the 

© MEAN © 10.14% ' ; 

ro) ‘ side jo. ¢ usted to be net re . ‘ 
mhinh=9.70% normal curve in Fig. 6 is adjusted inity, the area to 

re) the left of zero margin corresponds to the probability of 

> " ’ 4 ’ 

¥ having a loss of load on any da luring the montl The 

s portion of the curve to the left of eTo in extension based 

re) . al ' 

“ on known properties of tne norma listribution curve and 

z 


the portion to the right 


The ratio x/a vives the distance from the mean to zero 


16 ’ 

margin in terms of number of standard deviations. For 

a January (Fig. 6), x is 10.14 percent and oa is 2.79 percent 
The ratio x/a 1s 3.63. meaning that the mean ts 3.63 
ard deviations from zero. The area under the curve to the 
left of zero can be calculated ea Vv. Statist relerence 
commonly contain tables giving area under a Gau 
curve between the mean and points separated from the 


mean by a distance ¢. Since / is equivalent to xa, the area 


JUNE 1961 : - 
MEAN - 12.6% given in the tabulation is the area between zero and the 
SIGMA ~ 4.7% 


mean. Since the total area under one-half of a Gaussian 


curve ts 0.5, subtracting the tabulated value of area for a 


particular ¢ from 0.5 gives the area to the left of zero. TI 





Fig. 6 Simulated monthly margin dispersions provide data 
for computing a mean and standard deviation, which are used 
to determine probability of load loss for any day of the month 


ais°it i. Me Me tii ka bie) 


Ma ‘ i co ive ire take ke heduled o 
ges. The major difference is that their need is anticipated 
and p inned lor example once a calendar vear or on some 
other basis. The particular maintenance planning rules of 2° -1¢ % +16 +2¢ 
| ten ( ! by { ) inte t} oe her 
e system can be programmed into the model. When STANDARD DEVIATIONS FROM MEAN 
maintenance outages are meshed with forced and scheduled 
outage patterns, the daily simulation of available generat 
ing pacity omplete 


reserve margin evaluation 


A simulated daily margin is obtained by comparing 


simulated daily load with simulated daily available capa 
itv. The per unit available margin ts expressed a 
Vf 1 / ( ( 

vhere M e available margir per unit, 1 the d \ 
peak vad mevawatt ( the uw viled ipacity in \ 
i 1 ¢ the pact on outage in mw 

Histogram Ireque vy distrib ) f available mar 
' for two future months on a par ir system died 
ire shown in I 6: January ts represe itive ol e hea 
Inv’ scasol dj ne representative ol € COOLUNY seaso 
Kach month for tl} particular vear wa imulated 10 
1 ( h different po ible combinations of « ipa ( 
and loa a determined by intermingled probabil tic and 
deterministic event About 210 different daily margu 


form the histogram for one mont} As might be « X pec ted 


1 margin has a normal (or Gaussian) distribution. Thi 


is fortunate since such curves may be specified completely 
in terms of a mean x and a standard deviation a (See 


Vormal Distribution and Standard Deviation, at right 
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outage periods @. 


is the probabi itv ol 


the month of January 


area, 0.00014 for January 
a si. at weekday 
21 week d ivs In Jan lary, the probabi itv ol 
time during the month ts approximately 

1 1—0.00014 0.0029 
or an equivalent risk of one day in 


1/(12 K 0.0029 IS.8 vear 


\ greater dispe ot margins yA 
g be expected tro e greater variab \ 
J ne curve also licates that percent marg 
a re ble index of e adequacy of installe 1 re 
fa it margin ts higher June " i 
re in offset b\ e higne standard de 
In Ja iry, x o is 3.63 and daily K O.O0014 
2.66 and daily risk 1s 0.0039 
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unit. This cost estimate can be determined from generating 
station FPC accounts. If so, it is accompanied by an esti 
mate of percent annual revenue requirements for each 
account. This percentage includes depreciation, taxes, and 
return. The product of first cost and revenue requirement 
percentage gives the annual revenue requirement in dol- 


lars, by accounts, to support the capital addition. These 


dollars are required each year after the plant is installed 
They may be converted to a single sum, a present worth 
as of the installation date of the unit. Multiplication by 
another “present worth factor” will move the dollars back 
in time to the beginning of the study, say 1960. Then if the 
revenue requirements for each unit added in a 20-year 
period, for example, are summed as of 1960, a total present 
worth of revenue requirements ts obtained for the generat 

ing plant capital cost component (See Present Worth Evalu 

ation, page 134 


Phe second cost component needed is production ex 


pense. In comparing certain expansion patterns, this may 
be an important component. As an example, consider one 
pattern with all highly efficent, base-load steam unit 


for future expansion. Production expense is minimized but 


ome first cost premium may be paid to secure the be 


rates available. This plan may not have a lower presen 


worth when compared to a plan with a tew peaking ya 


turbines included. Peaking gas turbines have lower first 
cost and can delay installation of a larger, more expensive 
base load steam unit. While gas turbines are less efficient 
and displace ethaent steam capacity, capital savings may 
outweigh the production expense penalty Phe problem 


complicated and the alternates must be evaluated as part 


ola my-ranye pa eT! 
The load and capacity models provide daily loads and 
hile ' it wet rat ’ if tact IT} 
AVAL ADC Capa i¢ a \ em opera 0 imuiated 
information 1s used as input data to a production co 
node Bes iuse of the ciose tre bet wee the two. prod 


tion ¢ xpenses can be computed accurately oO retiect oad 





hange init reliabilitv. difference which affect av 
ability priority difference and other deta 
This relations} p between the submode assure ip 
cost and prod tion expenses that are computed con 


tentiv in any expansion pattern 


\ number of techniques are available to compute pro 


duction expense. The technique to use depends on the 
questior to be answered and the alternate patter to [0 
eva ited The most accurate metho ( hour-bv-hour 
‘ mon | patcl wit! consideration ol unit itdow 
This isa lengthy computation and hould be chosen only 
when accuracy demands it. It 1s better suited to short 
range udies than to long-range toreca 

\n approximate method using load-duration curve ha 


been developed and found to be suthcently accurate for 
many studs separate load-duration curves are used for 
each month and for weekdays and weekends within eacl 
month. The curves are adjusted for spinning reserve, and 
units are costed running at minimum loads and at full load 


Furthermore, unit availabilities are taken into account. A 
unit available one week out of four ina month hgures into 
production costing for the month proportionally. These 
refinements result in an overall system production cost 
within about one percent of that computed with hour-by 


hour economic dispatch. This accuracy is adequate for 





many studies of future expansion patterns for utilities. 


The final cost component needed for pattern evaluation 


is the transmission expansion cost. This component may 
be influenced substantially by changes in plant locations, 
by changes in unit sizes and installation dates, or by use of 
substation peaking unit 

The approas h used is called ‘‘fer ng.” Simply tated 
the transmission adequacy at a generating plant witching 


station, or substation is checked by placing an 





fence around the location Fig. 8 Total tra 


capacity is determined by counting the number of high- 


voltage lines crossing the fence and multiplying each by 
the historic maximum average loading of lines at that par- 
ticular voltage. The transmission capacity so obtained ts 
compared with net generation or vad at the location to 


determine if additional transm! 


Cn ographi al areas conta 





tions are also fenced. If insufficient transmission enters 


ich an area, a new line 1s added 

Fencing and building of new ( ; 
planning model continues month by month as loads grow 
and new units are idded Bac n time a line idded, a num 
ber of i ernates are costed and the I t economic expal 
ion chosen. Express circuits are used and terminal costs 
minimized wherever possible 


lor one system, approximately half an hour on an IBM 





704) required to produce a tep-D\ tep transmission ex 
pansion pattern for 20 years. For each step in the plan, the 
program reports the terminals of a es and their voltage 
construction, and taps. The final output supplies for eacl 
ibstation location the number of breakers, the inc oming 

es of each volt the voltage and type of busses, n 
ber of transformers, the load, and generation installed 
Finally, the capital expendit res of ) ructio d 
onversion are tabulated by vear iccounts 

The nuai Co of money le ri ) ixes I 
ance, operation, maintenance, and administration must be 


determined from past experience for the transmission 





wecoun ist as is done for he generatt pliant The 
presel worth of all future reve e re reme s ma be 
computed, using transmission system first costs, revenue 
requirements percentages, and dates of each expansion 
tep. When transmission present worth figures are com- 
bined with those for generating station cost and production 


expense, the resulting figure is a total present worth of a 


; 


ire revenue requirement for the mg-range patter! 
When a number of patterns are » evaluated, the dollar 


effects of planning poli ies become evident 


conclusions 


Many questions can be answered with this new planning 
tool \re peaking units economi i When are retirements 
ustified? How much can be spent to get a more accurate 
load forecast? What ts reliability improvement worth? Do 
large-unit savings exceed extra reserve costs? When is the 
next unt needed? Can a nuclear plant be justified? How 
long should a long-range plan be? What effect has changing 
load factor? What is an optimum expansion pattern from 
an economic viewpoint? Answers to these questions and 
yplication 


many more are made possible by the ay 
ae , ENR if p 
ques on ENGINEER 


ol new mathematical planning le 
} 


modern, high-speed digital computers 
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CREATIVE ENGINEERING... An 
Kngineer's Viewpoint. How can engineering 
creativity be improved ¢ The opinions of some out- 


standing engineers give some clues. 
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were objective, and are worth repeat someone higher than their immediate current desire for recognition of his 

ing, since they disclose some of the supervisor; others wanted this type of accomplishment Several other e1 

fundamentals of creative engineering. recognition trom some respected tech gincers cited milar ses, where 
With one exception these men told nical leader. Two men were mentioned parent or teacher’s special interest or 

of experiences where their best idea who inspired this type of reaction— ~ recognition gave the individu 

had come to them only after a great Dr. J. Slepian of Westinghouse Re built-in desire to solve problems and 


deal of hard conscious effort in review search Laboratories and the late C. M. come up with ne leas 
ny past practice or theory and in Laffoon, an expert in power genera While pe pie ire not bor t 
analysis or experiment. However, the tion. Each of these was a man of prin creative genius other than a sound 


best idea did not come at the time of ciple and a creative leader in his own mind, apparent some people develop 
| Py 


concentrated effort, but almost in field, and each showed an interest in this trait at an ear ge, based on « 
artably at a later time when the mind creative, younger men periences sucl I t described; these 
cemed idle. kor example, they men several of this group of creative experiences sometimes Turns! mots 
tioned such occasions as walking back engineers thought their drive came tion throughout their career. How 
from the laboratory, driving to work more from a desire to show their col ever, the desire for current recognit! 
(by themselves), while shaving, and leagues what they could do ( olleagues can also be powerlul motiy 


so on. The new ideas that occurred to to some meant respected members of force, and this is something that 





them at these odd times were not their department or project team. A be cultivated and developed 
always complete, but were a strong few looked for recognition from highly As to spe environment require 
mental picture of something they felt respected engineers in their particular for creative thinking, there was no 
would work field throughout the world agreement int Ss group except on one 

This is not a new observation. Most Some men said that they felt an point—the need for at least briet 
people have experienced tt iS Situation, inherent desire to solve iny difficult periods d lring the waking hours when 
if not in connection with a technical problem that confronted them; and the mind could be free from concen 
problem, at least with some persona thev felt a personal satistaction in a trated efforts and thought-consuming 
problem. This type of experience con good solution not necessarily associat details. This suggests the need tor 
firms the notion that the human mind ed with immediate recognition. In some simple res, or leisure 
does not move in a straight: logical these cases, each individual was asked time, when the mind can be kept free 
fashion to come up with realiv: new to think back U Ms experience to the Mention w made DV Some that the 

mbination It .“o Supports the earliest time that he recalled this Stimulus for t ne thought that 
dea that our subconscious mind goes strony self-satisfaction of solving prob solved the Y en Was rece 
on working on our problems and can ems or coming up with new ideas. In through some char yhservation that 
bring to our conscious mind ideas and each case, the engineer could trace this only vaguely resembled the ultin 
sugvestions if we are ready to listen feeling to an incident or incidents in new idea i pe or function. Most 

These experiences emphasize one of his early experience, childhood or high people can r ving memories or 
thelr tu wort t wects of creas SCHOO Vvhere e had received some 

rong ” ’ needed. Not special recognition for solving difficult 

that tl yroup reported hard con problems, or for a bright idea 

ious effort in preparing their mind Phe late Be min P. Baker, who 

ltrving for Nution; furthermore vas the most inventive engineer at PROBLEM: e Ge = 
, , a ia eal swer must be Fast Pittsburgh. vo teered the story Try to draw four 


straight lines that 
; will connect al! the ee @ ® 
t cd in the engineer subconsciou mall boy in the mountains of Virgir dots, without remov- 
! if he is to be sensitive to sug 1 he trapped rabbits and sold the ing the pencil from 
from this source, We oer skins to an old man who came around the paper. 
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Mn teenastance of motivationis not leneth. An idea flashed into Ben's 
, p tion. but e were j < rst vention rabbit 
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le ) | to the mot vice of strit 1a rack for drving shape s | oT ( 
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the accurate, complete, and neat solu 
tion. One reason junior experimenters 
who later study engineering often turn 
out to be creative may be that they 
earned quite early the habit of seeing 
hew uses for discarded objects 
Another mental block occurs from 


oo ready ieceptance of unnecessary 


\ 
rules and limitations. This block can 
be ustrated by some of the trick 
problems such as the one shown here 


with nine dots In this problem ilmost 


bly people accept the unspeci 
ed rule of going only from point t 
tand not vfoiny out le the quare 
The creative per by habit of 
freer tror | tixa 
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tions of ideas, such as « harting all the 


functions associated with a problem 
and attempting to list all the methods 
of ac omplishing each. However, even 
five functions and ten possibilities for 
each provides an unwieldy number of 
total combinations to evaluate and no 
assurance that a key element has not 
been overlooked. Some day electroni 
computers may help in this process 

One other technique to improve our 
opportunity for creative contributions 
is Suggested by a statement once made 
by Dr J Slepian He pointed out that 


there are two veneral wavs to 


1) to have 


invent 
strong need and apply 
facts and theory we ¢ in bring to 


need; and (2) when 


iT! cd or ke veloped { 


new theory or concept, to try the ne 


principle on problems we know to 
t Pit offer ! V Solutions 
Psychologist ¢ said that all | 
. tion and thought stems fron 
need But t has a hes 
|) ted it 1 t uur basic phy 
} nce the ire re onably ‘ 
{ | e to hye trony mot t 
| Ver The ct ! t! t motivate t 
( t ¢ cer are Ke to be 
etly the eed to be ré ny ea 
hy roup or ] du her pect 
t« cer ’ pDervisor effort 
1 help them mot tc 1 r i 
further tor creative work, one 
or wT ‘ ced the | 1 1 
ty need re mport Se 


! 

re driving you to the extra effort 
t \ put into your job H 
t! I 1 then came bach 
Wi mavbe I don’t have a | 
" fe doe So we pressed t Do 
further What ere thes W 
‘ rpets, gadgets, and so fort 
Phese, he wreed, were mor 
matter of prestige than real phys 
ceeds. But he had made a point, t 
that whether they represent pl 
needs or social status, the ability to 
rrovide prestige items for the fan 
be Important motivation 

\ number of good ideas were deve 
oped with this same group of engineer 


ng supervi 


ome budding creative spirit by giving 


tr 


in 


about how to create 


ors 


itmeo phere for creative work One 


It is 


Important not to kK on 


ideas the 
ecatment “We tried it before,” ‘119% 


practical,’ ete. It 


time Savi 


new mans 


to listen 


pays 


open mindedly to those new 


tor no other reason than to keep from 
discouraging the habit and the motive. 
In fact, managers must go further, and 
new ice is arc We lcome 


if they can't 


show that 


even 
ill be used. Often a man 
ier can contribute greatly by arrang 
idea to tell 


Ing for a man with a new 


his story to higher 


management, or to 


1] 
is COleayvues 


a group ol! 
Does it help to discuss our problems 


vith others? Certainly it helps us to 


better in mind if we 


t to someone. Also, 


roblem 


another 


verson bring fre point of view: he 
may not be inhibited by some unneces 
if nitation t t we have accepted 
bree ( ( re too close to the prob 
m. The other man’s ideas may not be 
FO but I iten somet y iy 
ivs n tart ) 0 ew 1 of 
thought. So it said 
You do jur 
Re ent ‘ lvyvest« 1 the 
up appro to idin ‘ leas 
It " ! rreed that it is desir 
Die to ( 0 the gro > are 
t too close to the problem. One form 
I ro roact brainstorm 
' ‘ . that y crit 
I ent ] I che ~ re ac 


t ter by one per 

| ! easily get 30 ideas 

sy 1 hut T rt re 

; to be of \ e. This may 

bye { t least o Simple 

rrobler re it wossible to get 

| V 

rt t thout y to analvze or 

‘ t ( ‘ teps It S also 

{ to if me 1 thy Troup 

1} 

) it ed \ s and con 

yt t ed problems the 

roup ( ad to cept ecact 

ther’s e criticism and 

\ f the develop suth 

nt ! ! | t to hy | m ¢ cl 

other s ide \ number of the creative 

engineers 1 tioned earher spoke of 

rett re elit) from) discussion 

wit one or 1 » others where thev 

realy we CMSsCclVe to think 

ibout ) ) proaches to 
their problen 


creativity Obviously motivation Is 


important. This 
be strengthened with a little time and 
effort. We can cultivate acquaintance 
friendship with thos 


and who are 


ideas, if 


creative and with those 


ate creat! 


a true respect tor these peop 

a desire to gain their recognition 
is the key to this type of mot 
Reminding ourselves of the re 
creatl ity it put n 
Important is the tisfaction of 

small succe The usefu it 
the questior la sci 
curiosity Cal »f ( oped 
provements or tl! re Slo 
worth the eff 

Some tl lone im 
telv. Creat mpro' 
caretu t re t 
problem bye ece 
restrictior I not pt Wi 
isk ours tions 
force us to ”) rol m Ir 
new point ol Wi 1 CT 
tear do 1d tod 
ones. We « prot 
more I if , { 
fresh point \fter our 1 
ire ( ire | t S 
Sire for ‘ te 
per od of t 2 e time 
WaKINg To it 
the mind t | to provide 
opportunity for the subconscious 
Confidence t iltim 
find ort “ 

SOLUTION: 

This is one solution. 

Note that no restric- 

tions were placed on 

lines crossing; nor 

was the problem re- 

stricted to the area 

bounded by the dots. 

Did you assume these 

restrictions? 
trustratio the pro 
mav eve rut asic 
essential « helping in 
engineering creativeness 

In summat there are fe 
mediate ste] livid car 
to improve his creative ability 
there are st t r tar-react yu 
proveme! ts motivation d ) 
sonal habits that can be 
made by anvone willing to 


make the effort 
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nitely high; any amount of input current, however small, 
will cause an actuator differential pressure equal to supply 
pressure under locked-rotor conditions. For example, if 
a small current is applied to the torque motor (Fig. 3), a 
mall spool displacement will result. This allows oil to flow 
into cavity t%). Eventually, 7?) will rise until it is equal to 
supply pressure, because no fluid can leave chamber 2; 
In like manner, tluid may escape from chamber tz so that 
P, will eventually become equal to P,. Hence, maximum 
available differential pressure is established for very small 
torque {at teady-state input current. In practical valves, pressure 
MOTOR (LT * not intinitely high because of rounding of corners, 


diametral clearance, and actuator leakage, but pressure 


gains of over 5000 pst per milliampere can be obtained 
—o High pressure gain is desirable because loop error need 
t yrow large to prod ive the torque necessary to over 

+ 


DERIVATIVE In the pressure-feedback valve, the locked-rotor pressure 
MBLY 
ASSEMBL near function of current, and since load differentia 
mre re opposes the spool driving force and reduces the 
i DO iisplacement nt tre pre ire teedback force equa 
SECOND . . 
PRESSURE CODE: STAGE : ’ c put force i mited amount of differentia 


] surrry y mre re il Y leveloped for a given amount of nput 
U " 
° work rrent. Pre ire gain ranges trom 200 to 300 psi per 


FIRST STAGE ACTUATOR 
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i oro pressure derivative feedback valve 
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We etuen LOAD INERTIA 


summary 


, ' 1} ' ' leer tr | 
Ire C-1eer ich ind =o pre ire-cdlerivative Peeadback 








ENGINEERING PERSONALITY DANILO SANTINI 


} pre . 
ng he ¢ 30 3 master I j 
ed lish. H ge 10 S ¢ 
Ver id 0 prep Si 
effi for entering Ohio S But | 
I; liscovere ap; tl 4 
t tha Arg I } p ¢ ntir +44 
el peak Spanis| elves, 194 
! a I tr i ince. 19 
ated he » Salt I er 959 
( e he an une S in 
I ! t [ 1 Otate I H pate 
he | Her 1 the f 
7 '} : } rer ' Qmece ti tash out of the wav. = +} Rototre 
ne 1) » 2 irt ( I é 
1) yv () \t | p se ( 
ele t S 
+ l } 


Spanis! S3000 


4, the vt 1S¢ lect ric 
Elevator Company (now the Westing 











A GAS TURBINE FOR A HELIUM-COOLED REACTOR. 
Gas turbine engineers were faced with some new design problems in this 
interesting and unusual gas-turbine application. 


l BERMAN t ton hinerv can. be developed for higher ratings as 
7 i eno . : ; r reactor temperatures become available 
Wes 
os nai operating cycle 
\ evele schemat liagram is shown in Fig. 1. Helium 
I Mar ( ( R | sa 4 ine vere 
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is possible in i closed cycle, operat 
maximum ethciency is practical over a load range of 25 t 
100 percent. As attainable reactor outlet temperatures 

cvcle ethciency will also rise. In 
phere gas turbine materials are available today that 


i controlled tn 


itthe development, will allow the gas turbine to be designed 
for 1700 degrees | | ficiencies of 40 percent 
In the cvcle snown, the power turbine can operate over 
speed 1 ’ 


} 1 range without iffecting the 


ts fu 


l 


high-pressure 

turbine and compressors, which provide reactor coolant 
! t 

irculation. The use of intercooling not only Increases plant 

hoiency, but increases the power output per pound ot 

fluid circulated, which leads to more compact 


t compone nts 


rotating machinery 


All main rotating elements are of axial-flow design, with 


the high-pressure compressor having the smallest volume 













pe td ee a ee 
dey Ps 


ob; 


‘ 
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HL - 
1 Y Dinisipisisisiivivle!aisisiviaistsinhatels ™ & “a 
3 ed Pema ee 2 ain),s-8 
e ui oe ss ru. 1 
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ow, 13 500 cfm. Both comy 
stant hub, or drum di: 


velocity throughout all stages ) ressure in 
pressor has a 16-incl hub di me the high-pressure 
compressor has a 14-inch diameter 

Ihe turbine staging is of the ay ttlow tvpe, whi 
minimizes the exit swirl into the diffuser and } 


stages to use the same basic blade wit! 


creasing height 


t! rough the turbine The high-pressure turbine perates at 


higher temperatures and stress levels 


iny other com- 
pon nt in the plant, and Sets the 


ompressor speed at 12 200 
rpm. The power turbine shaft speed 


itt speed was set at S500 rpm 
This speed is based on econom ynsiderations, In p rt 
ular, to minimize turbine-gear combined costs 

Phe rotating machinery (Fig. 2) is composed of three 
basic 


units: the low-pre ssure Compressor; the h 
unit, consisting of the compressor 
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high-pressure compressor; and the power turbine. These 


three components will be mounted on a common bedplate, 


1 


which will also contain much of the lubrication and seal 


iil 


il tii 
piping to give a single compact assembly. Wherever pos 








sible, all main gas piping is connected in the bottom sectior 

of the casings, to simplifv access to the components. The 

otor of each ol tl nits is mounted on two bearings, 
i <l i 

n ik ga tot ol iSS¢ mi es tor the 

entire plant. The « pressure turbine 
1 compressor in t eliminates the 
, 

eed for bearings and their associated seals in the 


pressure, high-temperature region. 


high-pressure unit 


The high-pressure ul consists of a sil 


rotor without the danger of oil film instability, which can 
occur in light!y loaded high-speed journal bearings 
For rapid power changes required during maneuvering, 


the power turbine is temporarily bypassed. A bleed or 
bypass manifold is incorporated into the discharge end of 
the high-pressure turbine casing. This manifold is integral 
with the high-temperature liners that guide the flow to the 
power turbine. A series of slots in the liners allows the gas 
stream to enter the manifold and the bypass line when an 


" 
ter ‘ 


external valve is actuated 


low-pressure compressor 
The twenty stave low pressure Compressor 1s directly 
d to the high-pressure unit and rotates with it at 


12 0O0O rpm, but is contained in a separate casing Because 


of its relatively small size this casing is constructed with a 
single vertical joint. Since one rotating clement is within 
t sing, assembly ts less complicated by the use of a 
vert mnt and the se ing ol the shatt ends is simplitied 
As shown in Fig. 2d, one set of circular flanges makes 

t D ras ret ny joint for the entire casing, wht h 

t ther he m-retaining parts, is fabricated from 


rolled and forged sections. This casing in particular is made 


» ot lers, dished heads 1 several forgings, two of 
e the bearing 1 seal housings. Shaft sealing 1s 
i} harrier at either end of the sing 
Phe rotor built up of discs, and uses the same curv 
( pling and through bolts as the high-pressure elements. 


The power turbine operates wit! ! nlet temperature of 
1025 degrees | | exhaust temperature of S50 degrees 
F. It has seven stages of blading similar in design to the 

rec ’ ‘ } }, j ’ I} casing “) orpeo 

vert t reat imp s the ‘ yy 

if 1 Detw thie t exhaust i (y | t? wool 

bearing and seal housing. A longitudinal section of th 

power turbine is show Fig. 2b. The construction of the 

rotor 1 «fat hy ly ssem| _ rto that of 

t pre r { The turbine s eq ped wit i 

yr} e. piston to co ter tthe} le path 

t thereby red r the load t ti mposed on the 
' ¢ hear 


| ear g turbine, the se Llubs tior tem 
t e the f ’ b ! tio 1) Assure 
hie tin if hyeor y l ler pe hyle operat 

) Wty! ) pre ( t be o from entering the m n 
strean 3) provide a barrier to prevent hot gas trom 


entering the seal and lube cavities; (4 prevent radioactive 


teria! trom entering the surrounding atmosphere or the 
be ol 5) allow recovery and reuse of any cycle gas that 
‘ ers the sea ystem 6) prevent air or other external 


contaminants from entering the main gas stream 
\ re itively sin ple system has been developed to pecr- 
form these functions (Fig. 4). A small amount of cycle gas 
bled from the high-pressure compressor discharge and 


passed through a filte rand cold-trap system to remove any 
radioactive material. This clean cool gas is then used as a 


barrier fluid to prevent radioactive contamination of the 
lube oil, and for protection against hot gas entering the 








bearing housings. Spring-loaded labyrinth seals limit the 
barrier gas flow, both into the cycle and into the seal 
housing. The gas leakage into the seal cavity mixes with 
the lube oil and is scavenged. Seal flow toward the cy le 
cools the turbine discs near the two intermediate bearing 
housings, and helps to reduce the flow required by the 
dummy pistons 

Lube oil is contained in a closed system. Oil is pumped 
from a low-pressure reservoir through a cooler, filter, and 
regulators to the various bearings. The main gas pressure 
breakdown is taken across the bearings, which run tlooded 
After passing through the bearings, the lube oil pressure is 
then reduced through an orifice to the pressure level of the 
reservoir. Fach bearing has a floating ring seal on either 
side of the pads to control the oil side flow. Inboard oil 


r 


eakaye passed this seal ring mixes with the clean barrier 


is-oll mixture is scavenged from the housing and 


uw 


is, the 


tlows to a separation system where it enters a tank in whicl 
the solid oil settles out. A mixture of gas, oil vapor, and 


Susy nded oi droplets leaves the settling tank and enters 


coalescing tilter where the oil droplets ire removed. Oh 
Vapor is then removed in an adsorbent filter media and 
the clean vas is returned to the cevcle. The outboard s« 


cakage flows to the low pressure reservoir which is main 


tained at 5 to 10 psi above atmospheric pressure 





An end-seal system is used to minimize external oil flo 
Which would then require deaeration. The end seal is made 
up ol two components: one clement uses lube ) it BO to 
i) psi to form an oil barner between two bushing typ. 
ae | ! ‘ if oT ¢ hye ) pumps 
re t do d the rotor has come to ! fe S stat 
vortion of the end seal may be either a mect ( ()-rinyg 
type se iT quid seal fed from period ‘ ed 
t Ip " Le ‘ colo to the tmosphere s ? 
treated before being returned to the inter system 
starting, cranking, and control 

(sas turbine wed, and therefore gas flow, 1s controlled 
pr ! ! t i ( et yr re tor tiet) temperat ( 
} ‘ rere j j ) if flow pound ‘ tal, othe r 
tor The ter lependence of the r tor nd turbine ) 
flow and temperature tends to provide a stable plant that 
is Te tivelv casy to control 

Load variation can be achieved in anv of three wv iVs; 
changes in pressure level, changes in reactor discl ree 
temperature, or bypassing of the power turbine. For 


rapid power chanyes power turbine bypass IS used, while 
for long-time power modulation, pressure level ¢ 
preferred. Reduction of the cycle maximum temperature 
to reduce load results in decreased cvcle etticienc Vv, and is 
not at sirable 

\ favorable characteristic of gas turbines is that turbo 
machinery efficiency 1s not affected by pressure level varia 


tion 


s long as shaft speed and volume tlow are not 
changed. Load variation by pressure level changes results 
in a nearly flat part-load efficiency curve, down to 10 to 20 
percent load; load will vary in almost direct proportion to 
system pressure level. As pressure level is decreased at 
constant-volume flow, the heat transfer surfaces increase 
slightly in effectiveness contributing toward a flat ef 


hciency ¢ haracteristic. 


waive onmice 
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Ihe gas turbine can be s 


steam turbine, or other sm 


bro gnt to i speed determines 


requirements. Reactor temper 
the gas turbine speed 1 fl 
Self-sustaining speed is reacl 
temperature of approximat 
point the starting power 1s 


yperates until reactor temper 


istaining level. The starting 
shutdown, driving the n 
oolant flow until the reactor 

Overspeed protection of the ¢ 
thie control svstem However 
verspeed is minimized by the s 
gas turbine reactor combinati 
the piant of the future 

\s a prime mover, the industt 


strated a high state of reliabi 


Opec# 


tion, a unit recently operated 


at full load, and was finally 
finery maintenance. The prov 


gas turbines are incorporate 
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Power levels of 150 to 200 000 ky 


parts comparable in size to those 


fossil fuel fired units. Tempe 


degrees F present no major 


designers anticipate future ¢ 
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1700 degrees F. At these temper 
clear gas turbine plant should offer 


that is level at full and part loa 
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REGULATION OF DISTRIBUTION VOLTAGE ...A 
Vew Approach. Extensive studies of distribution systems have led to a 
new method as well as a new device for supplementary voltage regulation. 


rogrammed for the IBM-704 
system study shows the way ; hai 
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Photo The components of the r 











ONE CUSTOMER PER DISTRIBUTION TRANSFORMER 





comparison of alternatives operating in system 

To compare the two voltage re-regulation alternatives, 
consider first the one-line diagram of a primary-feeder cir 
cuit and system load pattern shown in Fig. 1. The primary 
feeder circuit radiates from a distribution-substation bus 
that is regulated to maintain the substation bus voltage at 
125 volts on a 120-volt base. The peak-load voltage protile 
of the feeder circuit is shown below the one-line diagram 
Phe maximum-permissible voltage on any 120 240-volt 
secondary in the system is 122 volts {point R). At peak 
load, the secondary voltage at the most remote customer 
on the circuit is 113 volts (point S). However, the acce pt 
able minimum voltage at this point is 117 volts. Hence the 
last customer on the circuit, and many others served be 
tween points 7 and € on the primary-feeder main, are sub 
ect to a pe ak-load voltage below the minimum-acct ptable 
value of 117 volts on the secondary. Obviously, som 
means of supplementary voltage regulation must be ap 
plied to this primary-feeder circuit 


[pplication of Conventional Line Regulators —The appli 
cation of a conventional feeder step-reguilator ustrated 
n Fig. 2a The function of the line volt ive regulator 
ppolied to tl s feeder is to boost the peak-load itayve 
t point of ipplication The regulator must bye ocated 

ch that the lowest voltage on any secondary ahead of 


the regulator is no lower than minimum acceptable. In the 


ThcLb oad voltage protile shown, the voltage on the pr 


marv-feeder main just bevond the regulator is boosted to 


125 volts. Voltage at the service tap-olf point of the last 
customer on the circuit 1s 117 volts at peak load (point S 
The kva rating of the line-voltage regulator is governed 


by two factors: the load kva flowing through the regulator 
and the required regulating range. The kva load flow 
through the regulator is contained within the shaded are 
lving bevond the regulator. Of the 72 distribution trans 
formers served by the primary feeder, 60 lie within the 
area requiring supplementary voltage regulation 


Boosting Voltage Regulation at the Distribution Tran 


former—One application of voltage regulation at the dis- 
tribution transformer is illustrated in Fig. 2(b). Here a 
voltage boost is required at every distribution transformer 
serving a secondary on which voltage falls below 117 volts 
at peak load. The customers whose voltage would have to 
be re-regulated by distribution transformers with automa- 
tic voltage regulation are the same as those lying within 
the load area beyond the conventional line regulator ap- 
plied to the same primary feeder. The distribution trans- 
formers requiring an associated means of automatic volt- 
age regulation are contained within the shaded area. Volt- 
age is boosted to 122 volts at the see ondary of each voltage- 
regulating distribution transformer. Of the 72 distribution 
transformers served from the primary feeder, 60 are re 
quired to employ associated voltage regulation 

Bucking Voltage Regulation al the Distribution Trans- 
former Voltage regulating distribution transformers can 
imber of trans- 
lerably | 


Crawiy v0 


be applied in such a way that the relative 
formers requiring this feature is reduced consi 


low the number required to boost voltage. This application 


technique places the voltage-regulating distribution trans 
former at the “head end” of the feeder, in the vicinity of 
thie | str bution substation | t n, the d stri 
bution-substation bus voltage ncreased, as shown In 
Fig. 2(c), from 125 volts to 129 volts at peak load. With 
this increase in the voltage at the distribution-substation 
bus, voltage-regulating transformers need be applied only 
ip to the point on the feeder where voltage drops to a 
value of 125 volts at peak load. At each voltage-regulating 
transformer, primary-feeder voltage is higher than 125 


volts, but voltage is bucked-down to 122 volts, as shown. 
Line-drop compensation, used on the substation bus regu- 
lator and set to hold a primary-tee ler voltage of 125 volts 
ist beyond the last voltage-regulating transformer, as- 
sures that light-load primary voltage will not be excessive 


The distribution transformers that require bucking volt 


age regulation le within the shaded area shown in Fig 


ae Pwelve such transformers are required, a 
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Figs. 3 & 4 Economic comparison of supplementary voltage regulation alternatives 
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Fig. 5 Connection of regulator to distribution Fig.6 Regulator output voltage versus rotor 
transformer and load. position —150 percent rated load. 
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mechanical design features 


The mechanical design of the Unoreg w: 
two important considerations: First, the re 
‘ thstand the severe stresses Imposed by nigi 

rrents without disturbing the alignment 

the stator bore second, OW sound ( 
eved, v h re es a verv rigid assemb 
lue vibrat 1 the me parts 

| through-shaft, us vy found in the 

tior luct regulator rotor, 1s on 
mplet g of the slots with rectangular 
rr highest s e fact In place of the shat 
supported by end frames. The rotor turns 
\ teinenad ad gs whi 
t rat factor of 10:1 
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lhe entire induction regulator assembly is mounted on 


is guided by four vibration-absorbing isolators to reduce the sound 
gulator must level of the regulator to less than 45 db, even at 150 
») Short-circult percent load 
ft the rotor he tank and cover are of standard Westinghouse con 
vels n by struction for distribution transformers with lifting eyebolt 
to pI t d mounting bracket with standard 12 inch bolt spacing 
lor ease of pole mounting 

enter of the Installation of the regulator is simplified by use of stand 
ttedt NN ird low voltage bushings, which are color-coded: brown tor 
per strap the input bushings, and green for the output bushings. In 
idition, the nameplate shows the proper connection of the 

two spring Unoreg to the secondary line 
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THE DESIGN AND APPLICATION OF A MAGNETIC 
STIRRING SYSTEM. Stirring the melt yields better alloys. This 
unique method uses a magnetic field for stirring. 





‘ 1On M. CALABR chosen to produce the rotating magnetic flux. This design 
ee ! ‘ cy e De , f a 

M \ : I ‘ D la Design Enginee has since been named the Magnestirrer. The first Magne- 

I Engine I> eR ) : 
1 ( t La k i \ ira 1 stirrer device was applied to a six-ton holding ladle to 

We ‘ ise Electr ( i ’ 

| P = provide better homogeneity and to distribute more evenly 
" urg ‘ i , . ‘ oe \ | é 
the latent heat of the molten steel. Since then; this device 
Substantial improvement is made in high alloy and stat has been applied to a 19 foot she liameter arc furnace 


less steels by stirring the molten bath of steel in the ar 


furnace. Stirring allows faster melting and intermixing 


illoy additions; it results in a more homogeneous mixture 
of constituents; and it provides a better balance of temper 
iture between the top and bottom of the melt 

Various cumbersome and time-consuming methods have 
been used for stirring the molten steel. Two common 
methods are: hand rabbling, which is accomplished by 
manually pushing a paddle through the molten steel; and 
re-ladling, which consists of pouring the melt into a ladh 
and then back into the furnace. In each of these me thods, 
the furnace must be shut down, with a resultant loss of 
time and heat 

About ten vears ago, a different idea was conceived 
stirring the molten steel by moving a magnetic field 
through it. This meant that all stirring could be done 
without manual labor, without tying up cranes, without 
shutting down the furnace, and with resultant savings of 
time. It has since been proven that inductive stirring 
produces better homogeneity, quicker melting and inter 
mixing of alloy additions, and a more even temperature 
distribution in the melt than previous methods. 

lo keep the drive and control equipment of accepted 
standardized design, a rotating de electromagnet was 


if 


and toa 13! » foot shell diameter arc furnace 


theory of induction stirring 


Induction stirring of molten steel is possible because 
steel is electrically conductive and essentially nonmagnetic 
in its molten state. The conductivity of molten steel allows 
the production of eddy currents, which necessarily ac 


company a changing magnetic field linking a conducting 


medium. Theoretically, the nonmagnetic property, whi 
At tually begins when the te mperature rf steel reaches the 
“Curie Point,” is not a requirement. In practice, however, 
if the molten steel were magnetic, unbalanced magnetic 
forces would make it difficult to produce a moving field. 

The eddy currents induced in the molten steel are elec- 
produced 
in the steel at right angles to both the electrical currents 


trical currents in a magnetic field. Thus a force is 


and the magnetic field (Fig. 1). This can be compared to a 
squirrel-cage induction motor in which the stator of the 
motor produces the moving magnetic field and the shorted 


conductors of the rotor contain the eddy currents 


Phe complexity of eddy currents « ¢ simplified by 


assuming that the depth of penetration is large at very low 
frequencies and that the eddy currents themselves have 


negligible effect on the magnetic field that produces them 
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Fig. 1, Left 
Fig. 2, Right 


The effects of magnetic flux on the movement of the steel 
The stirring motion of the steel in the furnace 


‘ S < ; R 
| ‘ ; i , 
Cuak. J / / 

A 

‘ - ' } ¥ 
Whe ! 
f esr f The t 
© N ‘ ) ‘ rr i} ‘ t< ‘ r ; 
t; et o-< } »t ? ‘ ny? Wh¢ t ’ t< If 


1 
= s- — H 





With 


Fig. 3a 
magnet coils and the pole heads of the stirrer is apparent 


the cover removed, the construction of the 


design of the Magnestirrer 
Mavnestirrer , e. rotating. two p lee 


' ¢ eneede hetwu S 1) 
| te 
top of 
tat f the Ma tirrer p 
| mot I two kidney shaped pat " 
big. 2 mot we directlo t the top of 
| ”) ‘ rectior tt botto ft ‘ 
t tion t miplete 1 ( 
; et Maz tirrer letermined 
f the fur e, each design must be 
The dept ofthe ret tory bog 
t ) ler ) e magnets 
t t t decrease 11) cre com the 
of t ! t above the Magnestirrer. Thus the 
( 0 ipnea ear lo ( ( is po ple 
| tion ot porting Structure 0 e furnace 1s 
t vy factor the ether if duction stir 
tem. Et can be affected by the losses in 
truct members with magnetic properties 
erelore he turnace bottom, through which all of the 
( eld must pass, must be of nonmagnetic material 
b the Magnestirret constructed of an iron 
) ma shalt it magnet co mounted on the core, 





To allow easy removal of the Magnestirrer from beneath 
the furnace, flanged wheels are mounted on each end of the 
shaft. The entire unit can be wheeled out on rails for any 
required maintenance. 

Ihe shaft of the Magnestirrer is co Iple d to a jackshaft 
that extends either through or under the furnace lower 
rocker and is coupled to a gear reducer. The complete 


Magnestirrer and drive system is shown in Fig. 4a. A 6 
foot Magnestirrer mounted beneat a 1314 foot shell 


diameter furnace is shown in Fig. 4b 


the Magnestirrer drive and excitation system 


Ihe drive system consists of a mill type totally enclosed 
motor driving the Magnestirrer through a reduction gear. 
The control for this motor has been a reversing, dvnami 


braking, constant potential Stee I contro The drive 





is started and automatically accelerated to base speed by 


Fig. 3b One of the three section coils, with its outer plates irmature resistance. By incorporating proper resistance 
removed. This design provides rigidity. and proper timing on timing relays, the torque deve yped 
by the motor can be limited to protect the gear reducer and 
shafts. In addition to this protection, a shear-pin coupling 
nd pole heads bolted to each end of the core. This ts can be used between the motor and the gear reducer set to 
shown in Fig. 3a shear at approximately 200 percent of the maximum ex- 
Phe latest magnet coil design is of the edge bent, copper pected torque. A typical speed-torque curve for accelera- 
trap type th three sections of coil weighing a total of ting the Magnestirrer to base speed is shown in Fig. 5. The 
2 tons mounted on each pole kaye bend y the thir Maynestirrer speed can be ad sted to inv \ ue between 
pper strap Mike it possible to alternately space turns base speed and weak field speed bv tield control wit 
of the coil to provide a many surfaced flow path for the motor-operated field rheostat. Experience indicates 
cooling air. The three sections of coil are supported by in optimum stirring effect for any given excitation occurs 
ited throug! bolts between two plates of steel to make frequency range between on f cvcle per second and one 
unit coil of sandwich construction. The unit coil is cycle per second. For this reason the speed range of t 
mounted ind bolted on the core a my with the pot head motor and the size of the gear reducer re hnosen to a yw 
One three-section coil with one of its outer plates removed stirrer speeds between approximately 5 and 60 rpm for 
hown in Fig. 3b. This type of magnet coil design permits two-pole Magnestirrers 
optimum cooling and provides rigidity that will withstand The Magnestirrer is alwavs started with no excitation or 
the stress of rotational forces ts windings. Therefore, only enough torque is required 
Except for the pole heads, the Magnestirrer is com during starting to overcome inert nd losses in the drive 
pletely enclosed in nonmagnetic steel covers designed so Once the unit has reached base speed, it is accelerated by 
that cooliny air can enter at one end and exhaust at the using the motor-ope rated field rheostat vhict inherently 
other end. The stationary air ducts are also made of non has some inertia compensation. If the Magnestirrer is to 
magnetic stee be stopped when it 1s rotating above its base speed, the 





Fig. 4a, Left The relative position of the drive equipment and stirrer under the furnace. Fig. 5 Characteristics of the drive starting 
Fig. 4b, Right An installed stirring device, mounted under a 13'/2-foot shell diameter furnace. control. 


I} ontrol panel is located in the wall of the trans 





rmer vault adjacent to the furnace control panel \ pole 
ife of itis shown in Fig. 6. The indicating instruments 


d control devices are flush mounted on the front of the 


1 


NEMA 1 enclosure. The excitation motor-generator set 


d the control cubicle containing the constant potential 


ind adjustable-voltage control can be located remotely or 


the transformer vault depending upon the available 





space. As with any steel mill auxiliary control, this equip 


ment « 1 be mounted in a NEMA 1 enclosure or on free 











inding open pane Drive and control components are 
lard, so are easily maintained or replaced 
Some thought has been given to the possibility of a re 
mntrolled excitation system for the Magnestirrer 
| Ss syvsten \ vulad use wc power contro ed by i 
ble react {1 rectined to de for energizing the 
Max <tirrer w | It wuld have a nf the rsatility 
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Magnestirrer performance 
Let Mayvnestirrer performance he measured only 
sed for t t} clocit ft the stec ther 
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Fig. 6, Top The contro! panei for the Magnestirrer device Anot rmethod of n suring performance is to observe 
Fig. 7, Bottom Stirrer drive performance characteristics aes ae ee ee ea ae om dA the 
' he detected wet 
A operated } , tr t ree t fter th illovs 
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P , ‘ : f ‘ : | \ ~~ ' 
timum st f t } Pa t ” ' f flux do t move t ) the 
[he current is fed to the Magnestir1 lly. Therefore, the drive is not required to supply 
Ss t-poles nous moto rs east | f ur\ | ite that) more lrive 
‘ The « é be eit 125 0) required at higher excitation current. This, of 
st lard e depe g upon t t r be predicted from the equations for force and 
gs. Its tout is adjusted fror t ver to r the me Phe force required ts propor 
i excitatio y\ d-operated tat »the sq eof the thux der y, Which ts proportion 
I ted the operator’ trol panel. W { Kclt il to excitatio irrent. The force required 1s also propor 
10 irk t breaker opened, tor t ) es ire oft e velocity at which the teel 1 
pro 1 | lischarge resistor and block 
re permane ynnected acro ev \ tht be expected from the equations for stirring 
I furnace botto ynt s thermocoupl t f letern m of the size and design of a Magne 
to Y tipo t te ) ture re order vit r ts tirrer ninve ( | ind time-consuming process be tus 
set at 600 degrees F. The alarm contacts are connected to f the many variables and unknowns that must be con 
ght and rn rn to give visib ered. Therefore, computers are a valuable tool for an 
se ol possible burn-through of tf bot | ind calculation of these variables. They are use 
rr eveten it Interco ted wit the drive or ex t n ¢ pedit ng the design predicting the re 
ranuiere 
t tro | wws the operator t t ind extending e range of application ol ENG NEER 
t r tne eat, or cont ] | cat Ma estirrer systems 
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ULTRASONIC GRAIN REFINEMENT 
IN INGOTS 


\ producti © vacuum arc-melting 
furnace has been adapted with a trans 
ducer a semi lor ultrasonic grain re 


finement in large yot I 


left was take vfore removal of the 
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Ther ( 
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temperature lrop from the center of 
the fuel elements to the outside sur 
faces In cont t with the cooling wi 
ter. While some fuel elements them 
selves reach temperatures above 4000 159 





A t ble for use in specia plications 
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Dwarfed by what appears to be a 30-foot beachball, an employe works from a bosun’s chair while 
clamping seams of a radar Paraballoon—an inflatable antenna developed for the Air Force. Held up 
by low air pressure, the Paraballoon usually weighs about one fifth as much as rigid metal antennas. 
This allows the new type radar system to be helicopter-lifted into remote areas and set up within a 
matter of a few hours. After this clamping operation is completed and the desired contour is estab- 





lished, seams are permanently sealed from the inside. 











